Introduction: Pembrolizumab has shown clinical benefit in patients with previously treated recurrent or metastatic SCLC in the phase 1b multicohort study KEYNOTE-028 (NCT02054806) and the phase 2 multicohort study KEYNOTE-158 (NCT02628067). We present a pooled analysis of patients from KEYNOTE-028 and KEYNOTE-158 who had received two or more lines of previous therapy for SCLC.
ABSTRACT
Introduction: Pembrolizumab has shown clinical benefit in patients with previously treated recurrent or metastatic SCLC in the phase 1b multicohort study KEYNOTE-028 (NCT02054806) and the phase 2 multicohort study KEYNOTE-158 (NCT02628067) . We present a pooled analysis of patients from KEYNOTE-028 and KEYNOTE-158 who had received two or more lines of previous therapy for SCLC.
Methods: Eligible patients were aged 18 years and above, had histologically or cytologically confirmed incurable recurrent or metastatic SCLC, had an Eastern Cooperative Oncology Group performance status of 1 and below, and had received two or more lines of previous therapy. Patients in KEYNOTE-028 were required to have a programmed death ligand 1 (PD-L1)-positive tumor. Patients received pembrolizumab (10 mg/kg every 2 weeks in KEYNOTE-028 or 200 mg every 3 weeks in KEYNOTE-158) for up to 2 years. The primary end point was objective response rate per Response Evaluation Criteria in Solid Tumors version 1.1, which is presented here per independent review.
Results: Eighty-three patients who had received two or more lines of previous therapy (KEYNOTE-028, n ¼ 19; KEYNOTE-158, n ¼ 64) were included. Median follow-up duration was 7.7 (range, 0.5-48.7) months. Objective response rate was 19.3% (95% confidence interval: 11.4-29.4); two patients had complete response (one with a PD-L1-positive tumor), and 14 patients had partial response (13 with PD-L1-positive tumors). The median duration of response was not reached (range, 4.1-35.8þ mo; plus sign indicates ongoing response); 61% of responders had responses lasting 18 months or longer. Fifty-one patients (61.4%) experienced any-grade treatment-related adverse events; eight patients (9.6%) had grade 3 or higher events.
Conclusions: Pembrolizumab exhibited durable antitumor activity in a subset of patients with recurrent or metastatic SCLC who had undergone two or more previous lines of therapy, regardless of PD-L1 expression. Pembrolizumab was well tolerated.
Introduction
Lung cancer is the most frequently diagnosed cancer worldwide and is the leading cause of cancer-related deaths. 1 SCLC accounts for approximately 13% of lung cancer cases and nearly 70% of those present with extensive-stage disease. 2, 3 Although SCLC is initially sensitive to chemotherapy and radiation, most patients experience relapse within 6 months, and the overall prognosis remains poor, with 5-year survival rates for patients with extensive-stage disease being as low as 5%. [4] [5] [6] Recommended second-line treatment options for patients who experience relapse within 6 months of first-line systemic treatment for SCLC include a variety of cytotoxic agents or certain immunotherapy regimens (pembrolizumab monotherapy or nivolumab with or without ipilimumab). 7 The recommendation for patients who exhibit relapse after 6 months is to repeat the original treatment regimen. 7 Cytotoxic therapies are associated with a challenging safety profile, [8] [9] [10] [11] and the likelihood of response varies depending on the specific regimen and time from initial therapy to relapse, with responses being typically of short duration. [8] [9] [10] [11] [12] [13] [14] As outcomes are poor with firstand second-line treatments, those who receive thirdline or later treatment represent a highly underserved population for whom treatment options are extremely limited. A real-world analysis of patients who received various third-line systemic therapies estimated a collective overall response rate (ORR) of 21.3%, with a median duration of response of 2.6 months; the median survival of these patients was 4.4 months, with 11% surviving 1 year. 15 Pembrolizumab, an anti-programmed death 1 (PD-1) monoclonal antibody, has exhibited promising clinical activity in early phase clinical studies for the treatment of patients with previously treated recurrent or metastatic SCLC. 16, 17 16 In the phase 2, openlabel multicohort KEYNOTE-158 study, patients with recurrent or metastatic SCLC (enrolled irrespective of their PD-L1 status) who received pembrolizumab monotherapy had an ORR of 18.7% (median duration of response, NR [range, 2.1þ to 18.7þ mo]), and the median OS was 8.7 months. 17 In both the studies, pembrolizumab exhibited a favorable safety profile, consistent with that seen for pembrolizumab monotherapy in other tumor types. 16, 17 Patients who require third-line or subsequent therapy for advanced SCLC have limited treatment options, all of which are associated with poor outcomes. Consequently, we analyzed data pooled from the SCLC cohorts from KEYNOTE-028 and KEYNOTE-158 studies involving patients who had received two or more lines of previous therapy to further explore the efficacy and safety of pembrolizumab monotherapy in this setting.
Materials and Methods

Eligibility Criteria
The current pooled analysis includes patients from KEYNOTE-028 (phase 1b; ClinicalTrials.gov identifier,
NCT02054806)
and KEYNOTE-158 (phase 2; ClinicalTrials.gov identifier, NCT02628067) studies who had recurrent or metastatic SCLC and received pembrolizumab after two or more previous lines of therapy. KEYNOTE-028 and KEYNOTE-158 are open-label, multicohort studies that enrolled patients with 20 and more than 10 tumor types, respectively, including SCLC. In both the studies, patients were eligible if they were aged 18 years and above and had histologically or cytologically confirmed advanced (unresectable and/or metastatic) solid tumors that were incurable and ineligible for standard therapy. Eligible patients in both the studies had measurable disease per RECIST version 1.1 and an Eastern Cooperative Oncology Group performance status score of 0 or 1. Patients were excluded if they had previously received immune checkpoint inhibitor therapy, had central nervous system (CNS) metastases or carcinomatous meningitis (patients with CNS metastases could participate provided CNS metastases were previously treated and stable), had an active autoimmune disease within the past 2 years that required systemic treatment, or received immunosuppressive therapy within 7 days of the first dose of study drug. Provision of an archival or newly obtained tissue sample from a site that had not been previously irradiated for biomarker analysis was mandated in both the studies, but tumor PD-L1 positivity was required only for patients enrolled in KEYNOTE-028 (PD-L1 assessments are described below).
These studies were conducted in compliance with local and national regulations and in accordance with the ethical principles listed in the Declaration of Helsinki. All patients provided informed consent for participation in the studies.
Study Treatment
Patients received pembrolizumab (10 mg/kg every 2 weeks in KEYNOTE-028 or 200 mg every 3 weeks in KEYNOTE-158) for up to 2 years or until documented disease progression, unacceptable toxicity, intercurrent illness preventing further study treatment, or withdrawal from study. Patients who achieved a complete response (CR) could discontinue pembrolizumab if they had received at least 24 weeks of pembrolizumab therapy (12 or more administrations for KEYNOTE-028 or eight or more administrations for KEYNOTE-158). Patients who had confirmed disease progression but were benefiting clinically at the time of confirmatory tumor imaging could continue pembrolizumab therapy. Patients in both KEYNOTE-028 and KEYNOTE-158 who experienced radiographic progression (per investigator per RECIST version 1.1) after initial treatment with pembrolizumab were eligible for up to 1 year of pembrolizumab retreatment if they met certain criteria.
Patients in KEYNOTE-028 could receive retreatment if they stopped treatment after attaining a CR, had received at least 24 weeks of pembrolizumab therapy and received at least two pembrolizumab administrations after the initial CR, or had stable disease or better and discontinued after at least 24 months of therapy for reasons other than disease progression or intolerability. Patients in KEYNOTE-158 were eligible for retreatment if they stopped treatment after attaining a CR and had received 24 weeks of pembrolizumab therapy or received at least eight pembrolizumab administrations with at least two pembrolizumab administrations after the initial CR or if they had stable disease or better and discontinued after at least 24 months of therapy.
Outcomes
The primary end point for both the studies was ORR, defined as the proportion of patients with a CR or partial response (PR) per RECIST version 1.1. Secondary end points included duration of response (defined as the time from first documented CR or PR until first documented disease progression or death due to any cause per RECIST version 1.1), progression-free survival (PFS; defined as the time from treatment allocation to first documented disease progression per RECIST version 1.1), OS (defined as the time from treatment allocation to death due to any cause), and safety and tolerability.
Assessments
Tumor imaging by computed tomography or magnetic resonance imaging was performed at baseline (28 d before the first dose of study drug), with response assessments every 8 weeks for the first 6 months (KEYNOTE-028) or every 9 weeks for the first year (KEYNOTE-158) and every 12 weeks thereafter. The primary assessment of tumor response was by an independent central review per RECIST version 1.1 in KEYNOTE-158 and by the investigator per RECIST version 1.1 in KEYNOTE-028 (although the study protocol allowed for independent central assessment of response). For the current analysis, we evaluated response by independent central review. Adverse events (AEs) were monitored at every visit and for 30 days after the end of study treatment (90 d for serious AEs). AEs were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0. After documented disease progression or if a patient started a new anticancer therapy, survival status was monitored by telephone every 12 weeks.
In both the studies, tumor PD-L1 status was centrally evaluated. In KEYNOTE-028, tumor samples were assessed using a laboratory-developed prototype immunohistochemistry assay (QualTek Molecular Laboratories, Goleta, CA) with the 22C3 antibody clone (Merck Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc., Kenilworth, NJ). Samples were considered PD-L1 positive if they exhibited membranous PD-L1 expression in at least 1% of tumor and associated inflammatory cells or positive staining in the stroma. 18 In KEYNOTE-158, PD-L1 expression was assessed using the PD-L1 IHC 22C3 pharmDx assay (Agilent Technologies, Carpinteria, CA), and samples with a PD-L1 combined positive score of at least 1 were considered positive. The combined positive score was the ratio of PD-L1-positive cells (tumor cells, lymphocytes, and macrophages) to the total number of tumor cells multiplied by 100.
Statistical Analysis
In this exploratory pooled analysis, all patients with SCLC with two or more lines of previous therapy who received at least one dose of pembrolizumab were assessed for safety; efficacy was assessed in those who had received at least one dose of pembrolizumab and had measurable disease at baseline. ORR was assessed by blinded independent central review per RECIST version 1.1, with 95% CIs calculated according to the exact binomial method (Clopper and Pearson Method). The duration of response, PFS, and OS were estimated by the Kaplan-Meier method.
Results
Patients and Treatment Exposure
Of the 131 patients included in the SCLC cohorts in both the studies, this pooled efficacy and safety analysis included 83 patients with recurrent or metastatic SCLC (19 from KEYNOTE-028 and 64 from KEYNOTE-158) who had previously received two or more lines of therapy for advanced disease. The median age was 62 (range, 24-84) years; 53 patients (63.9%) were men, 30 (36.1%) had previously received three or more lines of therapy, and 13 (15.7%) had stable brain metastases at baseline ( Table 1) . Forty-two of 83 patients (50.6%) were administered radiation therapy to the brain before enrollment.
Patients were enrolled between March 24, 2014, and May 6, 2015, in KEYNOTE-028 and between February 4, 2016, and September 28, 2016, in KEYNOTE-158. The data cutoff in this analysis was July 31, 2018, for KEYNOTE-028 (approximately 3 years from the date of enrollment of the last patient) and July 13, 2018, for KEYNOTE-158 (approximately 2 years from the date of enrollment of the last patient). At data cutoff, the median duration of follow-up, defined as the time from the first dose to the date of data cutoff or death, whichever occurred first, was 7.7 (range, 0.5-48.7) months for pooled patient population. At the time of data cutoff, eight patients had completed therapy and two continued to receive pembrolizumab. The remaining 73 patients had discontinued pembrolizumab. The most common reason for treatment discontinuation was disease progression (n ¼ 57), followed by AE (n ¼ 6), patient withdrawal (n ¼ 4), physician decision (n ¼ 3), use of excluded medication (n ¼ 2), and loss to follow-up (n ¼ 1). No patient received second-course pembrolizumab (i.e., retreatment).
Efficacy
For all patients included in this analysis, the ORR was 19.3% (95% CI: 11.4-29.4). Two patients (2.4%) had CRs and 14 patients (16.9%) had PRs according to the independent review per RECIST version 1.1 ( Table 2 ). Of the 16 responders, two patients had brain metastasis at baseline. Moreover, 14 of 16 patients (88%) with a response had PD-L1-positive tumors (assessed using 22C3 antibody-based assays; see Materials and Methods), which included one patient with CR and 13 with PR. The second patient with CR had PD-L1-negative tumor, and the other patient with PR had a nonevaluable tumor sample. Among the 16 patients who had a response, median duration of follow-up was 25.9 (range, 16.1-40.1) months. The median time to response was 2.1 (range, 1.7-4.1) months, and the median response duration was NR (range, 4.1-35.8þ mo; Fig. 1 ). The Kaplan-Meier estimates for response durations of at least 12 and at least 18 months were 67.7% and 60.9%, respectively ( Table 2 ). At the time of analysis, nine patients (10.8%), including both the patients with CRs, had an ongoing response, and six experienced disease progression after PR ( Fig. 2A) . Reductions from baseline in the sum of target lesion diameters occurred in 33 of the 75 evaluable patients (44%), with 22 patients (29%) experiencing a reduction in tumor size of at least 30% ( Fig. 2B) .
At data cutoff, 72 of 83 patients (86.7%) had a PFS event (Fig. 3A) . The median PFS was 2.0 months (95% CI: 1.9-3.4), and the estimated 12-and 24-month PFS rates were 16.9% and 13.1%, respectively. Sixty-seven patients (80.7%) had died; the median OS was 7.7 months (95% CI: 5.2-10.1), and the estimated 12-and 24-month OS rates were 34.3% and 20.7%, respectively (Fig. 3B ).
Safety
The incidence, severity, and most frequently occurring treatment-related AEs and immune-mediated AEs or infusion reactions were similar among patients who had at least one or at least two previous lines of therapy (n ¼ 131; Table 3 ). Here, we describe safety for patients who received pembrolizumab after two or more previous lines of therapy (n ¼ 83). Treatment-related AEs occurred in 51 of 83 patients (61.4%) ( Table 3 ). The most common treatment-related AEs were fatigue (12.0%), pruritus (12.0%), rash (12.0%), hypothyroidism (10.8%), and arthralgia (9.6%). Six patients (7.2%) had a grade 3 treatment-related AE (colitis [n ¼ 2] and acute kidney injury, asthenia, pneumonitis, and secondary adrenocortical insufficiency [n ¼ 1 each]). The only treatment-related nervous system disorders to occur in more than one patient were headache (grade 1, n ¼ 1; grade 2, n ¼ 1) and dizziness (grade 1, n ¼ 2). There were no treatment-related grade 4 AEs. There were two fatal treatment-related AEs. One patient had grade 5 intestinal ischemia on day 279 that was first diagnosed on day 277 as a grade 4 event. The patient had previously been diagnosed with serious treatment-related grade 3 colitis and grade 1 cytokine-release syndrome. A second patient had grade 5 pneumonia that first manifested on day 44 and resulted in death on day 45. The patient did not experience any other serious All patients in KEYNOTE-028 had PD-L1-positive tumors (PD-L1 expression 1%) assessed using a laboratory-developed prototype immunohistochemistry assay (QualTek Molecular Laboratories, Goleta, CA) with the 22C3 antibody clone. PD-L1 positivity was not a requirement for KEYNOTE-158 but was assessed using the PD-L1 IHC 22C3 pharmDx assay (Agilent Technologies, Carpinteria, CA); samples were PD-L1 positive if they had a combined positive score of 1. treatment-related AE. Five patients (6.0%) discontinued pembrolizumab owing to a treatment-related AE.
Immune-mediated AEs and infusion reactions, regardless of attribution to study treatment as assessed by the investigator, occurred in 20 patients (24.1%) ( Table 3 ). The most common of these were hypothyroidism (10.8%), hyperthyroidism (6.0%), and infusion reactions (3.6%). Five patients (6.0%) had grade 3 immune-mediated events; grade 3 events were colitis (2.4%) and adrenal insufficiency, pancreatitis, and pneumonitis (1.2% each). There were no grade 4 or 5 immune-mediated AEs or infusion reactions. Two patients (2.4%) discontinued treatment owing to an immune-mediated AE or infusion reaction. At the cutoff date, among those who experienced an immunemediated AE or infusion reaction, six (30.4%) had received systemic corticosteroid treatment, and overall, the event(s) had fully resolved in 10 patients (50.0%) and were resolving in two patients (10.0%).
Discussion
Pembrolizumab exhibited antitumor activity in this exploratory pooled analysis of patients with recurrent or metastatic SCLC who had received two or more previous lines of therapy in KEYNOTE-028 and KEYNOTE-158.
Tumor responses were durable, with most responders estimated to have a response duration lasting 18 or more months. The ORR was 19.3% for the pooled analysis compared with 18.7% for the overall population in KEYNOTE-158, in which patients were enrolled irrespective of their PD-L1 status, and 33.3% for KEYNOTE-028, which enrolled only patients with PD-L1-positive tumors. Median OS and PFS (7.7 and 2.0 mo, respectively) from this pooled analysis were similar to those observed in the overall populations (median OS was 9.7 and 8.7 mo and median PFS was 1.9 and 2.0 mo for KEYNOTE-028 and KEYNOTE-158, respectively). 16, 17 The median OS of 7.7 months and median duration of response (NR) reported here for pembrolizumab are indicative of clinical benefit in the third-line or later setting. As a point of comparison, real-world studies have reported a median OS of 4.4 months and a median duration of response of 2.6 months for patients receiving third-line systemic therapy for SCLC. 15 Nevertheless, our analysis lacks a comparator arm, and caution should be exercised with cross-study comparisons. Pembrolizumab was well tolerated among patients included in this analysis. Toxicities were consistent regarding both incidence and severity in the SCLC cohorts of KEYNOTE-028 and KEYNOTE-158 and in those of other studies evaluating pembrolizumab monotherapy. 16, 17, 19, 20 Immunemediated AEs and infusion reactions (including episodes of adrenal insufficiency, colitis, hyperthyroidism, infusion reaction, nephritis, pancreatitis, pneumonitis, and thyroiditis) were managed using systemic corticosteroids. No unexpected toxicities were observed after treatment with pembrolizumab. Pembrolizumab monotherapy provides a treatment option that is better Analysis included patients who achieved a confirmed complete or partial response with pembrolizumab therapy after at least two lines of previous therapy. Patients with an ongoing response were defined as those who were alive without disease progression, had not initiated a new cancer treatment, were not lost to follow-up, and whose last disease assessment was within 5 months of the data cutoff date. NR, not reached. tolerated than chemotherapy in the heavily pretreated third-line setting.
Other clinical studies have evaluated anti-PD-1 and anti-PD-L1 antibodies as therapies for previously treated SCLC. In the phase 1/2 CheckMate 032 study, 21 in patients with recurrent or metastatic SCLC who had received two or more previous lines of therapy, the ORR with nivolumab (3 mg/kg) was 12%, and the median duration of response was 17.9 months (95% CI: 7.9-42.0). 22, 23 However, the phase 3 CheckMate 331 study did not show significantly improved OS for nivolumab versus chemotherapy (topotecan or amrubicin) as a second-line therapy in patients with previously treated limited-or extensive-stage SCLC. 24 In addition, the anti-PD-L1 inhibitors atezolizumab and durvalumab have been evaluated as monotherapies in patients with previously treated SCLC. Although early phase results have reported a potential of atezolizumab monotherapy for previously treated extensive-stage SCLC, 25 second-line treatment with atezolizumab did not improve ORR, PFS, or OS compared with chemotherapy (topotecan or re-induction) among patients with relapsed SCLC in the phase 2 IFCT-1603 study. 26 The SCLC expansion cohort from a phase 1/2 study (ClinicalTrials.gov identifier, NCT01693562) reported that durvalumab monotherapy was associated with an ORR of 9.5% in patients (2/21) with pretreated extensive-stage SCLC; the two patients with PR had durable responses (14.6 and 29.5þ mo). 27 This retrospective pooled analysis combined data from two early phase multicohort studies with some variation in study design. Patients in KEYNOTE-028 and KEYNOTE-158 received different regimens of pembrolizumab (10 mg/kg every 2 wk and 200 mg every 3 wk, respectively); however, previous studies have shown that weight-based dosing and fixed dosing result in comparable drug exposure, with no major differences observed in safety and efficacy in patients with NSCLC. [28] [29] [30] Another difference in the design of the two studies was that patient eligibility required PD-L1-positive tumors for KEYNOTE-028, whereas the KEYNOTE-158 study enrolled patients irrespective of their PD-L1 status. Although there were differences in the assessment of PD-L1 expression between the two studies, both used the anti-PD-L1 antibody clone 22C3 to evaluate PD-L1 expression in the tumor and stroma. Finally, the slightly more frequent imaging schedule in KEYNOTE-028 versus KEYNOTE-158 might have resulted in marginally earlier assessments of response or progression. In both KEYNOTE-028 and KEYNOTE-158, response assessments per RECIST version 1.1 were prespecified and were employed in this analysis.
Patients with SCLC now have a number of immunotherapy treatment options. 7 Based on the results of KEYNOTE-028 and KEYNOTE-158 studies, pembrolizumab was recently approved by the U.S. Food and Drug Administration for the treatment of patients with metastatic SCLC with disease progression during or after platinum-based chemotherapy and at least one other prior line of therapy. 31 Similarly, nivolumab has been approved for the treatment of patients with SCLC after treatment with platinum and at least one other therapy. 32 For patients with extensive-stage disease, the phase 3 IMpower133 study reported that first-line treatment with the combination of atezolizumab plus carboplatin-etoposide improved OS and PFS compared with carboplatin-etoposide alone in the first-line setting, 33 and similarly, results from the CASPIAN study reported that first-line treatment with durvalumab plus platinum-etoposide improved OS and PFS. 34 To investigate further, KEYNOTE-604 (ClinicalTrials.gov identifier, NCT03066778), a phase 3 double-blind, placebo-controlled study of pembrolizumab in combination with etoposide and platinum chemotherapy as a firstline therapy in patients with extensive-stage SCLC is Events are based on a specified list provided by the sponsor and were considered regardless of attribution to treatment-or immune-relatedness by the investigator. No grade 4 or 5 immune-mediated AEs or infusion reactions occurred. AE, adverse event.
currently ongoing. In the context of these trials evaluating anti-PD-(L)1 therapy for patients with newly diagnosed extensive-stage disease, 7 it is important to note that patients with previous exposure to anti-PD-1 or anti-PD-L1 therapy were excluded from the KEYNOTE-028 and KEYNOTE-158 studies. In addition, it is important to note that there have been ongoing efforts to identify predictive biomarkers for pembrolizumab (and other anti-PD-1 or anti-PD-L1 agents) that might assist in patient selection. Results from an analysis of the KEYNOTE-158 study (including patients from the SCLC cohort) suggested higher response rates among patients with high tumor mutation burden than among those without high tumor mutation burden. 35 Patients with SCLC for whom firstand second-line systemic therapies have failed have limited treatment options. In this pooled analysis of patients with recurrent or metastatic SCLC that progressed after two or more previous lines of therapy, pembrolizumab had promising antitumor activity with durable clinical benefit, and no new safety signals were identified. This pooled analysis supports the use of pembrolizumab monotherapy for patients with SCLC as a third-line or later therapy.
